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Undersampling of pCO2 
Months of year with surface pCO2 measurements based on all 

measurements between 1970 to 2011  binned in 1° squares. 
White = no data 

Bakker et al. (2014) 



Observations of the Southern Ocean 
New: Biogeochemical 
Profiling Floats (SOCCOM) 

As of Nov 3, 2018
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Air-sea carbon flux from floats 

In the high-latitude ASZ, monthly mean 
float-based fluxes diverge substantially from 
ship-based fluxes. The floats exhibit much 
stronger outgassing in the autumn and 
winter and much less uptake in the summer. 
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A) Takahashi 2009 

D) ESM2M E) HadGEM F) MIROC G) MRI C) CanESM 

B) B-SOSE  
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Sea to Air CO2 Flux 
(gC/m2/yr) 
 
Red is outgassing, 
Blue is uptake 



Zonal Wind Stress  
(N/m2, Annual Mean) 

 
Purple (positive) is 

clockwise (westerlies) 
 
 

All the simulations have 
their strongest mean 
winds in the South 
Pacific sector (around 
Kerguelen), but each has 
its peak winds too far 
equatorward 



Russell et al. (2018) 

Metrics Paper 





Goals: 1) Grow the community using observations   
      to evaluate climate simulations 
      2) Antarctic & SO metrics for ESMValTool 

#GreatAntarcticClimateHack was held October 9-12, 2017 at the Scripps Institution of Oceanography Forum, La Jolla, 
CA. Our first-ever Climate Hack focused on bringing Antarctic and Southern Ocean observations to bear on evaluating 
the latest generation of climate and earth system models, to produce new climate model metrics for the 21st century. 
  
The #GreatAntarcticClimateHack brought observational and simulation scientists together to use observational 
datasets to interrogate CMIP model results, thereby creating new model metrics and validation tools. The aim of the 
workshop was to facilitate preparation for the next IPCC report for a much broader science community, increase non-
traditional climate modeling publications, and learn to apply/utilize data sets that help develop model validation skills.  

http://www.scar.org/antclim21/climatehack  



Shared Metrics: ESMValTool 

https://www.esmvaltool.org/ 

The Earth System Model eValuation Tool (ESMValTool) is a community diagnostics 
and performance metrics tool for the evaluation of Earth System Models 
(ESMs) that allows for routine comparison of single or multiple models, either 
against predecessor versions or against observations. Priority has been to focus on 
selected Essential Climate Variables, a range of known systematic biases common to 
ESMs, such as coupled tropical climate variability, monsoons, Southern Ocean 
processes, continental dry biases and soil hydrology-climate interactions, as well as 
atmospheric CO2 budgets, tropospheric and stratospheric ozone, and tropospheric 
aerosols.   



SOMIP: The Global Warming Blindspot 

Proposal: MELT & WIND 
perturbations 

3 EXPERIMENTS of 300 years (up to 900 if able) :  
 
Ø  MELT: An experiment where the stability of the 

Southern Ocean is changed via an external source 
of fresh water (so-called water hosing). 
Implications: 1 run (100-300 years). 

Ø  WINDS: An experiment that increases the winds 
over the Southern Ocean and shifts them 
poleward. Implications: 1 run (100-300 years). 

Ø  BOTH: An experiment that will use both the 
increased wind forcing and water hosing described 
above. Implications: 1 run (100-300 years). 

(southernocean.arizona.edu/SOMIP) 



Change in future climate due to Antarctic ice melt

Ben Bronselaer, Michael Winton, Stephen Griffies, Keith Rodgers, Bill 
Hurlin, Olga Sergienko, Ronald Stouffer and Joellen Russell



Results from Melt experiments 

Bronselaer et al. (Nature, in press) 

 

•  Extra melt reduces the 
global rate of warming; 
Date of 1.5°C warming 
delayed by ~15 years 

•  Sea ice area around 
Antarctica increases by 
25% by ~2045 

•  Freshwater-induced 
warming at 400m 
increased by 4x; Ideally 
located to induce further 
basal melting via 
isopycnal transport  

(southernocean.arizona.edu/SOMIP) 





Trust 
But Verify 



Two Methods for Estimating Emissions 

 Bottom-Up 
 UNFCCC National Inventories  
•  Estimates anthropogenic emissions 

and removals (sinks) 

• Based on socio-economic statistics 

•  SELF-REPORTED 

 

Top-Down 
Tracer-transport Inversion  
•  Estimates net anthropogenic and 

natural sources and sinks  

• Based on atmospheric and/or 
oceanic measurements of the gases 
and models of air and water flow  

SOCCOM Project 



33.0±1.6 GtCO2/yr  

91% 

3.4±1.8 GtCO2/yr 

9% 10.9±2.9 GtCO2/yr   

30% 

16.0±0.4 GtCO2/yr 

44% 

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2015; Global Carbon Budget 2015 

9.5±1.8 GtCO2/yr 

26% 

Fate of Anthropogenic CO2 Emissions 
2005-14 average 

Sources 

Partitioning 

= 
Calculated as the residual of 
all other flux components. 



Where Land = (Emissions + Land Use Change – Vegetation) 

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2015; Global Carbon Budget 2015 

( - )
Ocean  

=+ +
Atmosphere  Emissions  Land Use  Vegetation  

Atmosphere + Ocean = Land 

Reducing uncertainties in the 
ocean sink can reduce the total 
uncertainty in the global 
constraint on the carbon budget, 
particularly in the tropics 



Color indicates relative 
uncertainty in space 
with respect to the 
locations of the floats 
(each blue bullseye is 
the location of a float). 

http://sose.ucsd.edu/DATA/OTHER/OSSE_run1.mov  

Global Float 
Deployment 



Workshop on:  
Planning a Global 

BioGeoChemical-Argo 
Network 

Villefranche-sur-Mer,  
11-13 January 2016  

 
 
 
 

Draft implementation plan 
published 

Courtesy – K. Johnson 



What do we get from a Global BGC-Argo 
Array?  
A transformative shift from reactive to proactive management of marine 
resources and an expansion of the Blue Economy 

a)  We observe the current state of the ocean’s productivity and health 
b)  We use data assimilation to produce a 4-D real-time estimate of the 

physical, chemical and biological conditions supporting marine 
productivity and marine ecosystems 

c)  We contribute to the improvement of short-term predictions and long-
term projections, and these data can be immediately transferred to 
marine resource managers, scientists, and the public 

 



Successes of SOCCOM  
a)  The successful deployment, calibration and real-time data management 

of the SOCCOM BGC float array in the Southern Ocean should be 
considered as a successful, large pilot program for the global array 

b)  The successful assimilation of BGC parameters into the state estimate 
(B-SOSE) demonstrates that we can assess marine resources and 
marine productivity in near real time 

c)  Successful use of SOCCOM data w/ Earth System Model simulations has 
already identified new feedbacks in the climate system and has led to a 
reduction in the uncertainty associated with short-term predictions and 
longer-term projections 

 



Ready to deploy BGC-Argo globally  
a)  BGC-sensored Argo floats are available commercially 
b)  Floats are now proven successful for the long-term deployments 

necessary to create a global array, and real-time public data availability 
as part of Argo data management is in place 

c)  Global BGC data are needed for assimilation into state estimates to 
provide fisheries and ecosystem managers around the world the 
information they need to adjust fishing levels and locations, conserve 
habitats, and reduce threats in time to make a difference as the ocean 
changes, both from natural variation and from climate change 

 



 
 
 



 
 
 



 
 
 



We need global 
carbon “weather” 

Ten years ago we didn’t have: 

• An international political agreement to 
address the carbon cycle (COP21) 
• Carbon-observing satellite (OCO-2) 
• Earth System Models (CMIP5) 
• Biogeochemical-Argo floats (SOCCOM) 
 

Now we have all 
the pieces! 



What comes next? 
Build out global array of BGC-Argo floats. 

Get Zephyr up to calculate “carbon weather”. 
Send the top 10 economies their monthly carbon “bill” 

Save the planet (or at least the humans)! 
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